Abstract Measurement of condom use is important to assess progress in increasing use. Since 2003, the Demographic and Health Surveys (DHS) and AIDS Indicator Surveys (AIS) have included new measures of self-reported condom use. We use data from Namibia, Swaziland, Tanzania, and Zambia to compare measures of condom use accounting for type of sexual partner. Condom use at last sex ranged from 20% in Tanzania to 57% in Namibia for men, and from 12% in Tanzania to 41% in Namibia for women. Reported condom use was lower in response to questions about condom use every time with last partner (from 13 to 47% for men and from 8 to 33% for women). Condom use was highest among people with two or more partners in the last year and lowest with marital partners. Overall, the prevalence of condom use was low, and there was wide variability across the various measures, countries, sexes, and types of partner. Promotion of condom use in all partnerships, but especially in non-marital relationships and among individuals with multiple partners, remains a critical strategy. New condom use questions in the DHS and AIS expand options for measuring and studying condom use.
Introduction
Over 25 years after the disease burst onto the world stage and despite advances in technology and increased international attention, human immunodeficiency virus (HIV) and acquired immune deficiency syndrome (AIDS) continue to be a major public health threat throughout the world. Sub-Saharan Africa remains the worst-affected region of the world with over 22.4 million people living with the disease, accounting for 67% of cases worldwide [1] . In 2008, in sub-Saharan Africa there were 1.9 million people newly infected with HIV; over 5,200 people are infected each day. Within sub-Saharan Africa, eastern and southern Africa have been hit hardest by the disease.
Condom use is considered one of the cornerstones for the prevention of HIV transmission and acquisition. However, despite it being well known that condoms are highly effective at preventing HIV if used consistently and correctly [2] [3] [4] , condoms are not widely used by people living in high epidemic areas. A population-based study in Uganda found that only 4.4% of respondents reported consistent condom use (defined as 'always' using condoms with each partner [marital or non-marital] in the year prior to the survey) [5] . A study among recently diagnosed HIV positive participants in Uganda found that 54% of those who were sexually active had not used a condom during their most recent intercourse [6] . Bunnell et al. [7] report that among people testing positive for HIV in a population-based study with a nationally representative sample of Ugandans, 67% had never used a condom and two-fifths of them were in HIV-discordant relationships. A study by Fylkesnes and colleagues in Zambia found that while condom use at last non-regular sex among urban men was 68%, it was only 15% among rural men [8] . Notably, the different measurement approaches to assessing condom use make it difficult to compare across studies.
Consistent condom use is a determinant of HIV infection proximate to the point of transmission that can be influenced by distal or contextual factors (socioeconomic, sociocultural, and demographic) and interventions. Condom use is directly linked to exposure to infection and efficiency of transmission, two of the fundamental biological factors of HIV transmission [9] . Other important proximate determinants include the type and number of sexual partners and the frequency of sexual intercourse. Previous research has shown that women and men use condoms differently with varying partner types. For example, studies have consistently found that men and women are less likely to use condoms within marital-type relationships, and they are more likely to use condoms in extra-marital or new relationships. Several studies in subSaharan African countries report low levels of condom use with a spouse or cohabiting partner [10] [11] [12] . A study in Kenya found the level of condom use for unmarried respondents to be more than twice that of married respondents [13] . In Uganda, Biraro et al. [14] found that unmarried women and men were 11 and seven times more likely, respectively, to use a condom at last sex than married women and men. Using nationally representative surveys from 13 sub-Saharan African countries, de Walque and Kline found condom use was lower among married individuals and their spouses than unmarried women and men with their non-marital partners [15] . Their analyses also found that condoms were used more often at last sexual intercourse with someone that was not a spouse than the last intercourse with a spouse. Studies of condom use that take into account partner type will yield better data [16] .
There are many different measures of condom use, and measures almost exclusively rely on self-reported data, despite the limitations associated with social desirability and recall biases. Unfortunately, there are no other more accurate and feasible methods to gather this information, particularly for men [17] . Two major reviews of how condom use has been measured have been conducted [16, 18] . The majority of the studies reviewed were hypothesisdriven research focused on obtaining correlational data of the association between psychosocial factors and condom use; data were not routine population-based surveys. Few studies were from developing countries. They found that the most common type of measure of condom use were frequency measures (i.e., how often? never, sometimes, always, etc.), followed by dichotomous measures (e.g., did you use a condom at last sex? yes or no), and finally a percent, computed from count data of sexual activity and condom use. While a simple question about condom use at last sex may reduce recall bias, it does not capture the amount of unprotected sex and it may not be representative of a person's behaviors over the last few months, last few sexual acts, and with their last few sexual partners. Authors recommend frequency measures over dichotomous measures, although they caution about using recall periods of greater than 3 months [17] . Notably, others have found that frequency of condom use was a ''best fit'' for predicting outcomes compared with other measures [19] . Regardless of the measurement challenges, promotion of condom use is an important strategy in the battle against HIV, so we must continue to improve methods to assess changes in use.
Routine population-based surveys need reliable and valid measures of condom use in order to evaluate efforts to improve condom use, track trends over time or across countries, and assess changes in factors associated with condom use. A key source of information about health trends of populations in developing countries is the DHS. Prior to 2003, the DHS relied on the question, ''Did you use a condom at last sex?'' as the sole indicator of condom use. After 2003, the DHS added frequency measures to its surveys, asking about consistency of condom use (always, sometimes, never) with each of the last three partners in the last year [20] . The availability of this information across several countries can help improve comparability of condom use for surveillance and improve understanding of factors associated with condom use that can be useful to programs.
The objective of this study is to better understand the utility of different measures of condom use in populationbased surveys, taking into account the type of partner as well as number of different partners. Our research questions are:
1. How do the levels of condom use differ by condom use measure within the same data set? 2. In what type of partnerships are men and women most likely to report any condom use and consistent condom use, and how is use in that partnership modified by marital status?
Answers to these questions are needed to help researchers using the DHS data to understand the usefulness of the new measures of condom use for program design, program evaluation, to track trends over time and across countries, and to develop and interpret indicators. The study will also inform broader efforts to measure condom use, since the DHS often informs measures in other surveys.
Methods

Data Sources
This study uses DHS data from Swaziland, Namibia, and Zambia and AIS data from Tanzania [21] [22] [23] [24] . These are nationally representative household surveys that collect data on a wide range of health indicators including HIV testing. The surveys employ national probability samples of households and use a two-stage sampling strategy. First, geographic units or enumeration areas are sampled within the country, and then a random sample of households is selected with a known probability. Interviews are conducted with all women ages 15-49 who spent the preceding night in the household. Similarly, men were eligible for interview if they were ages 15-49 and spent the previous night in the household; in Zambia, men ages 15-59 were eligible.
To select these countries we decided a priori to focus on sub-Saharan Africa, since this region is where HIV prevalence is highest. We began with all countries in sub-Saharan Africa with DHS or AIS data from MEASURE DHS that had the expanded set of condom use questions that were included in versions 5 and 6 of the standard questionnaires. The specific question of interest was, ''Was a condom used every time you had sex?'' asked for each of the last three partners in the past 12 months. We then ranked those countries by HIV prevalence (highest to lowest) and number of respondents who used a condom at last higher risk sex-that is, sex with a non-marital and non-cohabiting partner (these were also ranked highest to lowest). The rationale was that it is programmatically most relevant to promote consistent condom use messages in areas where risk of acquiring HIV is high. Also, we needed adequate sample size to conduct meaningful analyses, so we used ''condom use at last higher-risk sex'' since it approximates some of the condom use indicators and is regularly reported in DHS and AIS reports. The combination of high HIV prevalence and respondents using condoms at last higherrisk sex yielded the following country surveys for study ( Table 1 ).
Variables
The primary domains of interest for this analysis were condom use, number of sexual partners, types of sexual partners, and marital status. The DHS and AIS data allowed us to create a variable that has been traditionally used as a dichotomous measure of condom use, ''Condom use at last sex.'' Starting in 2003, the DHS Phases 5 and 6 and AIS surveys have this question for the last three (or fewer) partners in the last year, as well as the consistency of condom use (always, sometimes, never) with each of those three partners in the last year. These questions allowed us to create six different measures of condom use: (1) condom use at last sex with the last partner (as typically measured), (2) condom use at last sex with any partner, (3) condom use at last sex with all partners, (4) condom always used with last partner, (5) condom always used with any partner, and (6) condom always used with all partners (see Table 2 for a description of the condom use measures and the pros and cons of each measure). The time frame for the answers was the 12 months preceding the survey, and the number of partners ranged from one to three.
Information was available in the DHS and AIS surveys on the type of relationship the respondent had with their sexual partners (in the last 12 months and up to three partners). We created a variable called ''relationship to sexual partner'' with response categories including married/cohabiting, girl/boyfriend, or ''other'' (includes casual acquaintances and prostitutes).
We included a marital status variable that measured the respondent's marital status that she or he reported at the time of the interview. The categories included married, living together, never married, widowed/divorced, and not living together. We assumed marital status was constant over the year prior to the survey; in contrast, the variable ''relationship to sexual partner'' could be different for each of the respondent's last three sexual partners in the last year. Finally, from data on the number of sexual partners in the last 12 months, we created three categories: zero, one, and two or more. We combined people with two or more partners in the last 12 months into one category because there were very few observations with three or more partners.
Analyses
We began with descriptive analyses of measures of condom use among male and female respondents by type of sexual partner, number of sexual partners, and relationship to sexual partner. All analyses were stratified by country and sex of the respondent. The denominators varied depending on the analysis, but the main ones were: ''All women/men who have had sex in the last year'' and ''Women/men who had two or more sexual partners in the last 12 months before the survey''. Our analyses were conducted in STATA version 10.1 (College Station, TX) using the svy command for complex survey data. We present our findings with weighted percentages and weighted sample sizes.
Results
Across the four countries in the 12 months preceding the survey, most respondents had had sex. Among men, between 46% (Swaziland) and 60% (Zambia) had sex with only one partner (see Table 3 ), whereas among women this percentage was higher (65% to 75%). There was little difference between the percentage of men and women who had sex in the last 12 months, but men were more likely than women to have had two or more partners in the last 12 months. The proportion of women and men aged 15-49 (aged 15-59 for men in Zambia) who had sex with two or more partners in the last 12 months ranged from 1% in Zambia to 3% in Tanzania for women and from 11% in Namibia to 18% in Tanzania for men. This is the global indicator for ''higher risk sex'' (proportion of women or men 15-49 who had sex with two or more partners in the last 12 months) [25] . Overall, among men in the four countries, between 26 and 42% had sex with a non-marital or non-cohabiting partner in the last 12 months. Among women, the percentages were lower and between 13 and 33%. Notably, the prevalence of non-marital sex is correlated with the percentage of women and men in the sample that are never married.
The majority of men and women in Tanzania (53% of men and 64% of women) and Zambia (56 and 67%) were married or living with their partner (see Table 3 ). The majority of these analyses focus on sexually active respondents, that is, men and women who report having had sex in the last 12 months. Among sexually active respondents, the majority of men and women in Tanzania (65 and 82%, respectively) and Zambia (70 and 84%, respectively) had sex with only one married/cohabiting 
Number sexual partners partner (see Table 3 ). In Swaziland and Namibia, a greater percentage of men and women were never married (66 and 50% in Swaziland, and 65 and 58% in Namibia) (Table 3) , and thus the majority of men had sex with one or more nonmarital/non-cohabiting partners (58 and 60%, respectively) ( Table 3) . Women in Swaziland and Namibia who had sex in the last 12 months were more equally divided between married/cohabiting and non-marital/non-cohabiting partners in the last 12 months. Levels of ''condom use at last sex with last partner'' ranged from 20% in Tanzania to 57% in Namibia for men, and between 12% in Tanzania and Zambia to 41% in Namibia for women (see Table 4 ). Reports of condom use decreased when different measures were used. When asked about condom use every time with their last partner, condom use among respondents who had sex in the last 12 months ranged from 13% in Zambia to 47% in Namibia for men, and from 8% in Zambia to 33% in Namibia for women.
The percentage of women and men aged 15-49 (15-59 for men in Zambia) who had more than one partner in the past 12 months who used a condom during their last sexual intercourse ranged from 21% in Tanzania to two-thirds (66%) in Namibia for women, and from one-fifth (22%) in Tanzania to three-quarters (74%) in Namibia for men (see Table 4 ) This is how the global indicator of ''condom use during higher risk sex'' is measured [26] . The percent of respondents with two or more partners who used a condom every time with their last partner ranged from 16% in Tanzania to 48% in Namibia for women, and 14% in Zambia to 58% in Namibia for men.
Condom use when the last partner was non-marital (girlfriend/boyfriend or other non-marital) was two to 16 times more likely for men and two to 18 times more likely for women as compared to use with a marital partner (Table 4) . Tanzania had the greatest difference in use between marital and non-marital partner types due to low single digit condom use among marital partners.
To examine condom use behavior in more depth, we assessed condom use among respondents who had had two or more sexual partners in the last 12 months (see Table 5 ).
The key finding among these respondents was that condom use at last sex or every time with the last partner was lower when that partner was a marital/cohabiting partner compared with other partner types, despite the fact that they had had two or more partners in the last year (see Fig. 1 ). Except in Namibia, a minority used condoms every time with non-marital partners. Across all measures, condom use was highest in Namibia for both men and women who had two or more partners, followed by Swaziland. In Tanzania and Zambia among respondents who had two or more sexual partners in the last 12 months, condom use rarely exceeded 50% for any measure.
From the measurement perspective, for respondents who had two or more sexual partners in the last 12 months, condom use was highest when asked about condom use at last sex with the last partner (see Table 5 ). For men this ranged from 22% in Tanzania to 74% in Namibia, and for women (with low sample sizes), 21% in Tanzania to 66% in Namibia. The proportion of respondents who had two or more sexual partners in the last 12 months reporting condom use decreases when asked about condom use at last sex with all partners (up to three partners) and condom use every time with all partners (up to three partners). Condom use every time with all partners ranged from 8% in Tanzania and Zambia to 51% in Namibia for men and from 
Condom use at last sex (83) 4 (6) 32 (4) 26 (7) 10 (2) Girlfriend/boyfriend 51 (138) 71 (226) 82 (201) 50 (131) 42 (37) 63 (40) 75 (97) 44 (23) Other non-marital/non-cohabiting partner 52 (77) 54 (26) 85 (91) 65 (35) 58 (8) 33 (1) 44 (3) (79) 29 (24) Relationship to last partner Marital/cohabiting partner 3 (25) 19 (37) 24 (20) 4 (22) 0 (1) 23 (3) 14 (4) Fig. 1 Percent always using condoms with last sexual partner, of participants with two or more sexual partners in the last year, by type of sexual partner, country, and sex 9% in Tanzania to 38% in Namibia for women. Condom use at last sex or every time is highest for any partner, but this measure is the least useful in understanding condom use because it measures condom use at least once with one partner or condom use every time with one partner. To examine in more detail the influence of men's marital status on condom use, we stratified the measures of condom use by marital status among male respondents with two or more partners (see Table 6 ) (female results not shown due to small cell sizes). Condom use at last sex with last partner and condom use every time with last partner was lower for married/cohabiting men who had had two or more partners. This was not necessarily surprising since one of their sexual partners was likely their wife.
Discussion
Condom Use Frequency
This study demonstrates the wide variability in the prevalence of condom use by country, by sex, by the type of sexual partner, by the number of sexual partners, and by the measure of condom use. Condom use, regardless of the measure, was higher among men and women in Namibia and Swaziland compared with Tanzania and Zambia. Across countries, condom use was higher among men than women, and it was higher among men and women who had two or more partners in the last year (compared with those with one partner). Condom use was higher among men and women with a non-marital/non-cohabiting sexual partner compared with men and women with a marital/cohabiting partner.
The study results echo what is known about condom use behavior, that it is more common in riskier situations (e.g., sex with multiple partners or with non-marital partners). However, levels of condom use found in this study will undermine the condom's ability to prevent HIV and other STIs. Even in Namibia and Swaziland, where condom use was relatively high, between one-quarter and one-third of men reported non-use of condoms at last sex with nonmarital partners. In Tanzania and Zambia, only about onehalf of men used a condom at last sex with non-marital partners.
Among men and women with two or more partners in the last year, the findings still suggest significant risks for HIV transmission. Standard measurement (using the common (10) 72 (216) 59 (7) 83 (194) 50 (26) 50 (105) Other non-marital/noncohabiting partner 51 (17) 52 (60) 35 (1) 56 (24) 71 (6) 87 (84) 86 (10) 60 (25) All partners 7 (69) 34 (104) 27 (57) 60 (208) 27 (26) 73 (253) 10 (66) 31 (78) Condom use every time last partner 9 (81) 42 (128) 19 (40) 45 (159) 25 (23) 67 (231) (5) 47 (140) 59 (7) 65 (152) 36 (19) 32 (67) Other non-marital/non-cohabiting partner 46 (15) 45 (51) 18 (1) 34 (15) 34 (3) 75 (72) 62 (7) 32 (13) All partners 3 (32) 24 (72) 15 (33) 40 (143) 15 (14) 61 (210) 3 (20) 22 (56) a In Swaziland and Namibia there were seven and 12 men, respectively, whose marital status at the time of the study was ''not married/noncohabiting'' but reported their last partner was a marital/cohabiting partner (this is either due to poor internal reporting consistency or because the respondent had divorced since his last sexual partner); we have removed this information from the table to improve readability b Two participants lost due to missing data on marital status c One participant lost due to missing data on marital status indicator of condom use at last sex) shows that among men and women with two or more partners, there is wide variability in condom use at last sex. In Swaziland and Namibia, the prevalence of condom use with any partner at last sex was high (79% of men in Swaziland with two or more partners report condom use with any partner at last sex and 91% of men in Namibia report the same). However, among those men with two or more partners in the last year, condom use declined when the partner was a marital/cohabiting partner, when the measure was all partners, and when the measure was condom use every time. For men and women with two or more partners, the risk of HIV transmission in general and to unprotected marital partners was still important because of relatively low use of condom use every time with non-marital partners.
Condom Use Measurement
This study also identifies that there are gaps in the standard approaches to measuring condom use consistency. In particular, the approach that is often used is to ask whether a condom was used at last sex. The percentage reporting affirmatively to this question will vary depending on whether the last partner was a marital or non-marital partner, because condom use is lower with marital partners. Moreover, among married individuals, the last sexual partner is likely to be a marital partner, thus using the measure of ''condom use at last sex'' fails to shed light on condom use among non-marital sexual relationships or whether people with multiple partners are more likely to use condoms, at least in their non-marital relationships (see Table 2 ). While continuing to present the indicator of ''condom use at last sex'' is useful to be able to examine trends, especially when examined among women and men with two or more sexual partners as done in the global HIV indicator, more informative measures of condom use are needed to better inform programs. In particular, our analysis demonstrates that while there is greater use among non-marital partners, the addition of measuring condom use every time underscores that there are still major gaps in use. Programs should continue to emphasize the importance of using condoms with all partners, especially among persons who have multiple partners (marital and/or nonmarital). Furthermore, our analysis demonstrates that nonmarital sexual relationships are common among women (from 13 to 30%) and among men (from 26 to 42%) in the countries studied. While women and men are more likely to use condoms within these types of partnerships, to make condom use an effective prevention approach it needs to be used 100% of the time. Our data show that this is not the case; use of condoms every time when the last partner was non-marital ranged from 33 to 71% for men and from 32 to 56% for women.
As found in other literature, this study demonstrates that condom use varies by other proximate determinants of HIV-where respondents live, their number of partners, and their last partner type [10] . With this multi-country analysis it is difficult to go into more depth on any specific country to understand the other contextual and proximate determinants of condom use; this is better done with a single country analysis. An interesting analysis might be one that explores in more depth two countries with similar HIV prevalence but differences in condom use reports (such as Namibia and Zambia) to understand the socioeconomic, sociocultural, and demographic factors that influence condom use, as well as programmatic activities.
This study has a few limitations that are worth noting before concluding. First, the study was limited by the sample size, especially among women. In particular, multiple partnerships were less common among women in the countries studied, and thus the sample size was small for the analyses of women with two or more partners. A second factor limits all analyses on condom use, that is that condom use is based on self-reports [17] . Women and men may under report condom use if it is considered to be a stigmatized behavior. Conversely, women and men may over report condom use if it is considered to be the expected behavior. Third, experts caution that recall periods of more than 3 months may be problematic [16] ; therefore, more research is needed about the accuracy of recall periods up to 12 months. Finally, information available in a DHS is about a woman's or a man's sexual behaviors and condom use; this may understate the risks of HIV. In particular, a woman may report only one sexual partner (her spouse) and thus not be classified as having risky sex; however, if her husband has other partners, then she is at risk and would benefit from condom use. Future surveys could capture information from women (and possibly from men) on whether the woman thinks her sexual partner has other sexual partners. This could be asked for the same three partners that are asked the other sexual behavior questions. This type of information, while based on perceptions, would increase our ability to assess risk for all persons, not just those who report multiple partners.
Conclusion
To conclude, the examination of condom use behaviors in population-based surveys is important for understanding progress in preventing new HIV infections in a country and to provide information to programs about what behaviors to target for change and factors associated with those behaviors. How condom use is measured can affect interpretation of results. The standard approach that looks at condom use at last sex among persons with two or more partners can continue to be used for assessments of trends in condom use for high risk populations. That said, as a measure of consistency of condom use and for making programmatic recommendations, it is advisable to dig deeper to understand where the gaps in use are. By using newer measures that capture condom use at last sex with up to three partners, the consistency of this use, and the type of partner, our analysis indicates, as expected, that condom use is more common with non-marital partners and among women and men with multiple partners; however, there are still a significant number of women and men at risk of HIV. Programs to prevent HIV need to continue to promote condom use with a particular emphasis on non-marital partnerships and for women and men with multiple partners. The goal of these programs should be to increase consistent condom use, measured in the varying ways presented here. As we better measure condom use we will be able to better assess the risk of HIV to women and men in a population or identify specific target groups; these strategies can support efforts to prevent new HIV infections in sub-Saharan Africa.
